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(54) Seals between ceramic articles or between ceramic articles and metal articles 

(57) A seal beween two ceramic articles, or between a ceramic article and a metal article, is formed by providing a sealing 
member comprising an aluminium body, and a film of zinc or tin being deposited thereon, with the inevitable aluminium 
oxide surface film removed, and subsequently a coating of silver and/or gold, or a suitable alloy containing silver or gold, 
being provided. The sealing member is positioned between the articles, and the assembly is heated in an inert atmosphere, 
or in a high vacuum, to melt the composite sealing member, there being obviated the need to apply pressure during the 
bonding operation. Any oxide film on silver readily decomposes at a temperature of. at most, 250°C. No oxide film is 
formed on gold. The zinc or tin film, and the coating, are readily absorbed into the molten aluminium produced during the 
bonding operation. Subsequently, the bonded assembly is out-gassed at a temperature up to 600°C. A ceramic article may 
be of a glass ceramic, or of fused silica; and a metal article may be of a suitable nickel-iron alloy. 
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SEALS BETWEEN CERAMIC ARTICLES OR 
BETWEEN CERAMIC ARTICLES A ND METAL ARTICLES 

This invention relates to seals between two ceramic 
articles, or between a ceramic article and a metal article. 

For example, the articles may be of a glass ceramic, or 
of fused silica, or of a nickel-iron alloy. 

It is desirable that the seals should be formed at as a 
high a temperature as possible, so that subsequent out-gassing 
from the sealing region can be as efficient as possible, by 
being at a temperature near to the high sealing temperature. 
Further, the higher the sealing temperature the stronger may be 
the reaction between the sealing material and the articles to be 
bonded together, and, thus, the stronger may be the bond 
strength obtained. Ideally, the sealing is performed by 
employing the maximum temperature which can be withstood by the 
articles to be bonded together; which desirably is a temperature 
at least equal to that of the melting point of the sealing 
material. 

It is also required, for a satisfactory bond to be 
formed, that the sealing material has substantially chemically 
clean, and, in particular, substantially oxide-free, surfaces « 
contact with the articles to be bonded. The provision of such 
surfaces on the sealing material is difficult to obtain because 
inevitably an oxide film is present. A readily removable ox.de 
film may be removed by causing the sealing material, to flow over 
the sealing region. For a soft metal sealing material, such as 
indium, such a flow can be caused by the application of pressure 
thereto at ambient temperatures. However, indium has a low 
melting point. The removal of oxide films which are more 
difficult to remove usually has required the application of 
pressure to the sealing material when the material is at an 
, elevated temperature, and is in an inert atmosphere, or a high 
vacuum. Thus, it has been required that complex apparatus, and 
a complex process, have been provided in order to form a 
satisfactory bond when oxide films which are difficult to remove 
inevitably have been present on the sealing material. 



- 2 - 



ED IN 663 /GKG 



It is known to provide seals between articles by 
employing aluminium as the sealing material* However, 
inevitably, an oxide film is present on the aluminium, and such an 
oxide film is difficult to remove. Thus, the required bond has 
5 been provided by applying pressure to the aluminium, whilst the 
aluminium is at a temperature near its melting point of 660°C, and 
whilst within an inert atmosphere, or a high vacuum. 

It is an object of the present invention to provide a 
bond between two ceramic articles, or between a ceramic article 
10 and a metal article, employing a sealing material having aluminium 
at least as a major constituent thereof, and avoiding the need to 
apply a pressure to the sealing material in order to obtain a 
satisfactory bond. 

According to one aspect of the present invention a method 
15 of providing a seal between two ceramic articles, or between a 
ceramic article and a metal article, comprises forming a composite 
sealing member from a body having aluminium at least as a major 
constituent thereof , the body being provided with surface film 
of zinc or tin, and with the inevitable aluminium oxide surface 
20 film removed thereby, then providing a coating of silver and/or of 
gold, or a suitable alloy containing silver or gold, to complete 
the composite sealing member, the sealing member then being 
assembled between the articles to be bonded together, and the 
assembly being heated to melt the composite sealing member, either 
25 in an inert atmosphere, or in a high vacuum, the required seal 
being obtained when the assembly is subsequently cooled. 

According to another aspect the present invention 
comprises a bonded assembly when provided by a method as referred 
to above, without the application of pressure during the bonding 
30 operation. 

The body constituent of the composite sealing member may 
comprise aluminium, or an aluminium alloy, but it is required that 
the sealing member melts during the bonding operation, and 
aluminium is in contact with the article surfaces to be bonded 
35 together, enabling a satisfactory bond to be provided between the 
articles, the aluminium reacting with the article surfaces to form 
such a bond • 
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Inevitably an oxide film is formed on the exposed 
surface of silver before the bonding operation. However, such 
an oxide film readily decomposes at a temperature of. at most, 
250'C, and the oxygen produced thereby is easily removed from the 
bonding region during the bonding operation. No oxide film is 
formed on gold before the bonding operation. The zinc or txn 
film, and the coating of silver and/or of gold, or of suitable 
alloy containing silver or gold, of the composite sealing member, 
are absorbed readily into the molten aluminium, or aluminum 
alloy, formed during the bonding operation, but do not prevent 
aluminium being in contact with the article surfaces to be bonded 
together. It is desirable that the sine or tin film, and the 
coating, are as thin as may be obtained in a practical manner, 
and commensurate with it being ensured that substantially none of 
the aluminium becomes exposed under normally expected storage 
conditions, before the composite sealing member is used. 

Because the sealing member melts during the bonding 
operation, the consequent flow of the sealing material over the 
article surfaces in the bonding region further ensures that no 
oxide film is present in the bonding region. 

In this manner a satisfactory bond is obtained; and the 
assembly so provided subsequently can be out-gassed by being 
baked in vacuo at a temperature up to 600'C for several hours. 

It is required that the articles to be bonded together 
can withstand a temperature of the melting point of the composite 
sealing member, of approximately 660° C. 

Zinc or tin is deposited upon the body, and 
simultaneously the aluminium oxide film is removed, by immersing 
the body in the appropriate solution. 
, Such a bonding process is advantageously simple, and 

does not require complex apparatus. 

It is required, in the bonded assembly so obtained, that 
the thickness of the seal between the articles bonded together is 
sufficient to accommodate any normally encountered deferential 
5 thermal expansion between the articles, and between the articles 
and the seal, especially such differential thermal expansion 
encountered during the bonding operation. 
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The present invention will now be described by way of 
example with reference to the following Examples 

EXAMPLE 1 

An article of a glass ceramic, having a low coefficient 
of linear expansion of 0.03 x 10" 6 per degree Kelvin at 20° C, 
is assembled with another article of glass ceramic, and with a 
composite sealing member therebetween. The sealing member 
comprises an annular shaped wire to be positioned between the 
articles in a region where the articles are required to be 
bonded together. The composite sealing member includes a body 
in the form of a wire of aluminium 1 millimetre in diameter. 
The aluminium wire is degreased. The inevitable surface film 
of aluminium oxide is removed, and, simultaneously therewith, 
there is deposited a film of zinc, 1 micron thick, on the 
aluminium wire, by immersing the wire in sodium zincate 
solution. Subsequently, the wire is electroplated with silver, 
the silver coating so obtained being 2.5 microns thick, and 
completes the formation of the required composite sealing 
member. The electroplating step, to deposit silver, is 
performed before an oxide film can form on the zinc. 

The assembly of the two glass ceramic articles with the 
sealing member therebetween, is placed in a vacuum furnace, with 
an atmosphere of less than 1 x 10" 2 newtons per square metre 
pressure. The furnace is heated at a temperature of 
approximately 660°C, just above the melting point of the 
composite sealing member, for 15 minutes, and is allowed to cool 
to 200°C, before being gas cooled to 100° C, and fast cooled from 
100°C to room temperature. 

During the heating process step, any oxide film on the 
silver coating of the sealing member is decomposed at 
temperature of not more than 250°C, and the oxygen produced 
thereby is readily removed from the bonding region. The zinc 
and silver of the sealing member are absorbed readily into the 
molten aluminium, but not preventing aluminium being in contact 
with the article surfaces to be bonded together. The molten 
aluminium reacts with the surfaces of the glass ceramic 
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articles, providing a satisfactory bond therebetween when the 

assembly is cooled. 

The assembly is then out-gassed by being heated at a 

temperature up to 600°C, in vacuo. 

EXAMPLE 2 

Example 1 is repeated, except that one of the glass 
ceramic articles is replaced by an article of a nickel-iron 
alloy, having a composition of 36% by weight of nickel, ^ by 
weight of iron, together with incidental impurities. The 
article of the nickel-iron alloy has its bonding surface coated 
with silver. The alloy has a low coefficient of linear 
expansion of less than 1 * 10" 6 per degree Kelvin at 20 C. 

. • « t-Vio efface of the nickel-iron alloy 

Molten aluminium wets the surtace or 

article. A satisfactory seal is provided between the two 
15 articles. 

One, or both, of the articles may be of fused silica, 
having a coefficient of linear expansion of 0.4 x 10 per 
degree Kelvin at 20°C. 

Instead of employing a high vacuum, the bonding 
20 operation may be performed in an inert atmosphere. 

The body of the composite sealing member may be of an 
aluminium alloy, instead of aluminium. A suitable alloy 
comprises 95% by weight aluminium and 5% by weight silicon. 

When the body has been degreased, it may be provided 
25 with a film of tin, instead of a film of 2 inc. The inevitable 
surface film of aluminium oxide is removed, and, simultaneously 
therewith, there is deposited a film of tin on the aluminium 
wire> by immersing the wire in sodium stanate solution. 
. Subsequently, the wire is electroplated with silver. Tin is 
30 usually coated with a film of oxide, and this may be avoided by 
the silver coating being provided on the freshly deposited tin. 

The silver coating may be provided in any convenient 
way, instead of being deposited by electroplating. 

The silver coating employed in any of the processes, or 
35 modifications thereof, described above, may be replaced by a 
gold coating which does not readily oxidise, or by a coating of 
a silver-gold alloy, or of a suitable alloy of silver or gold. 
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Claims : 

1. A method of providing a seal between two ceramic 

articles, or between a ceramic article and a metal article, 
comprising forming a composite sealing member from a body having 

5 aluminium at least as a major constituent thereof, the body 
being provided with a surface film of zinc or tin, and with the 
inevitable aluminium oxide surface film removed thereby, then 
providing a coating of silver and/or of gold, or a suitable 
alloy containing silver or gold, to complete the composite 

10 sealing member, the sealing member then being assembled between 
the articles to be bonded together, and the assembly being 
heated to melt the composite sealing member, either in an inert 
atmosphere, or in a high vacuum, the required seal being 
obtained when the assembly is subsequently cooled, 

15 2. A method as claimed in claim 1 in which a ceramic 

article is of a glass ceramic, or of fused silica. 

3. A method as claimed in claim 1 or claim 2 in which a 
metal article is of a nickel-iron alloy. 

4. A method as claimed in any one of the preceding claims 
20 in which the bonded assembly is out-gassed by being heated to a 

temperature, at most, of 600° C. 

5. A bonded assembly when provided by a method as claimed 
in any one of the preceding claims. 

6. A method of providing a seal between two ceramic 

25 articles substantially as described herein with reference to 
Example 1. 

7. A method of providing a seal between a ceramic article 
and a metal article substantially, as described herein with 
reference to Example 2. 
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